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Description 

MINIMIZATION OF PURGE NOx RELEASE 
FROM NOx TRAPS BY OPTIMIZING THE 
OXYGEN STORAGE CAPACITY 

Background of Invention 
[0001] i. Field of the Invention 

[0002] | n a t least one aspect, the present invention relates to NO 

X 

traps with reduced NO^ release during rich purges, in- 
creased NO conversion efficiency under stoichiometric 

X 

conditions, and improved sulfur tolerance and desulfation 
capability. 
[0003] 2. Background Art 

[0004] Current three-way catalysts are effective for converting 
the HC, CO, and NO in the exhaust into CO , H 0, and N 

x 2 2 2 

when the air fuel ("A/F") ratio is controlled about the stoi- 
chiometric mixture of 14.6 to 1. With the closed-loop 
control systems used in modern vehicles, the A/F ratio ac- 
tually alternates between a slightly lean condition and a 



slightly rich condition with a frequency of about 1-2 Hz 
and at an amplitude of approximately 0.3 to 0.5 A/F ratio 
units. To provide high three-way conversion in this oscil- 
latory environment, three-way catalysts usually contain 
oxides of cerium or mixed oxides of cerium and zirco- 
nium. For the short periods of slightly lean exhaust, the 
cerium is able to adsorb the excess oxygen, allowing the 
NO reduction to continue. The cerium also releases oxy- 

X 

gen during the short periods of slightly rich exhaust, pro- 
viding oxidants for converting the HC and CO. The combi- 
nation of tight A/F ratio control near stoichiometry and 
the modern three-way catalyst provide very high conver- 
sion efficiencies of the HC, CO, and NO and allow au- 

X 

tomakers to satisfy stringent emission legislation in mar- 
kets around the world. 
[0005] it is desirable to operate the engine lean in order to im- 
prove the fuel economy. By opening up the air throttle 
plate and operating the engine with excess air, the pump- 
ing losses across the throttle plate are reduced and the 
thermodynamic efficiency of the engine is improved, re- 
sulting in decreased fuel consumption. However, the ex- 
haust from such an engine contains large amounts of ex- 
cess oxygen for extended periods of time (e.g., 30-60 



seconds), and current three-way catalysts are unable to 
provide the NO control necessary to satisfy stringent 
emission legislation in this environment. 
[0006] one potential solution to this emission and fuel economy 
dilemma is to use a lean NO trap. Lean NO traps are 

X ' X 

three-way catalysts and, like all such catalysts, can store 
NO under lean conditions for limited periods of time. NO 

X X 

traps contain alkaline earth or alkali metals to enhance 
their NO x storage capabilities under lean conditions. Such 
catalysts can store NO^ with high efficiency for a period of 
time on the order of 60 seconds. Periodically, as the NO 

X 

capacity of the NO trap is approached, the A/F ratio must 

X 

be driven to a rich condition for a few seconds in order to 
purge and reduce the stored NO and regenerate the NO 

X X 

storage capacity of the trap. 
[0007] one of the characteristic features of lean NO traps is that 

X 

they are most effective at storing NO^ in a temperature 
window that can vary somewhat with the formulation but 
is typically between 200°C and 550°C. As a result of this 
temperature sensitivity, the NO traps are typically placed 

X 

in the underfloor location in the exhaust. Lightoff cata- 
lysts can be placed close to the exhaust manifold to pro- 
vide fast lightoff during a cold-start. These lightoff cata- 



lysts can be formulated with little or no oxygen storage 
capacity ("OSC") in order to minimize the fuel required to 
purge and regenerate the lean NO^ trap. 
[0008] |_ ean NO traps can provide very high conversion of NO 

x - x 

when the engine is operated with an A/F ratio control 
strategy consisting of extended periods of lean operation 
with periodic rich purges. However, the catalyst system is 
also expected to provide high three-way conversion when 
the A/F ratio is controlled at stoichiometry, for example 
during high load operation. If the close-coupled catalysts 
contain low amounts of OSC, this limits the ability of these 
catalysts to convert CO and NO under stoichiometric 

X 

conditions. Therefore, unless there is a cerium-containing 
three-way catalyst downstream of the NO trap, the NO 

X X 

trap itself must contain some OSC in order to provide high 
CO and NO conversion under the oscillatory A/F condi- 

X 

tions characteristic of closed-loop control systems. 
[0009] The presence of cerium in the No trap has been observed 

X 

to provide other benefits besides improving the stoichio- 
metric performance of the trap. The cerium can improve 
the sulfur tolerance of the trap by adsorbing some of the 
sulfur and preventing that portion of the sulfur from poi- 
soning the NO storage sites. The cerium also improves 



the desulfation characteristics of the trap by promoting 
the water-gas-shift (WGS) reaction. The WGS reaction pro- 
duces additional hydrogen, which has been shown to be 
the best agent for desulfating the poisoned trap. In addi- 
tion, the presence of cerium can improve the NO x storage 
capability at low temperatures, as cerium is able to pro- 
vide some NO x storage capacity at low temperatures (e.g., 
300°C). Finally, the cerium can be beneficial for the ther- 
mal durability of the trap, as ceria is known to stabilize 
the dispersion of the precious metals. 
[0010] However, the presence of cerium in the trap can also be 
responsible for some undesirable effects. As with the 
lightoff catalysts, cerium in the trap requires additional 
reductants (i.e., HC, CO, H ) to purge the NO^ trap, in- 
creasing the fuel penalty associated with the purges. A 
second undesirable effect, which is the subject of this in- 
vention, is that the oxygen storage capacity provided by 
the cerium can cause some of the stored NO to be re- 

X 

leased from the trap during the purges without being re- 
duced to This purge NO^ release is particularly evident 
at temperatures of 350°C and above. A major source of 
this NO release is attributed to the exotherm that results 

X 

from the reaction between the reductants in the exhaust 



and oxygen from the cerium during the transition from 
lean operation to the rich purge condition. 
[0011] Accordingly, there exists a need for a lean NO trap with a 
balanced amount of oxygen storage capacity that results 
in low levels of purge NO^ release but still provides high 
NO conversion under stoichiometric conditions and re- 

X 

sistance to sulfur poisoning. 
Summary of Invention 

[0012] The present invention overcomes the problems of the 
prior art by providing in one embodiment a catalyst for 
use in a NO trap that has reduced NO release during the 

X X 

rich purges, increased NO^ conversion efficiency under 
stoichiometric conditions, and improved sulfur tolerance 
and desulfation capability. The catalyst of this embodi- 
ment includes a precious metal, an oxygen storage com- 
ponent in contact with the precious metal, and a NO 

X 

storage material. The oxygen storage component in con- 
tact with the precious metal is present in an amount that 
provides a level of oxygen storage capacity that limits the 
NO release from the NO trap during the rich purges to 

X X 

less than 20% of the NO that is stored in the NO trap 

X X 

across the operating temperature window of the trap. 
However, the oxygen storage component is present in an 



amount that provides sufficient oxygen storage capacity 
to increase the NO conversion efficiency under stoichio- 

X 

metric conditions to a value greater than 70%. Moreover, 
the oxygen storage component is present in an amount 
that provides sufficient oxygen storage capacity to in- 
crease the sulfur tolerance of the NO trap. Finally, the 

X 

oxygen storage component is present in an amount that 
provides sufficient oxygen storage capacity to improve the 
desulfation capability of the NO trap. 

X 

Brief Description of Drawings 

[0013] Figure 1 is a series of plots of the NO storage efficiency 
of a thermally aged NO x trap versus temperature for vari- 
ous lean storage times; 

[0014] Figure 2 is a plot of the NO x Efficiency versus lambda 

value at 500°C for NO traps with and without cerium after 

X 

high temperature aging; 
[0015] Figure 3 is a bar chart showing the drop in the average NO 
storage efficiency for one minute of lean operation after 9 
hours with 9 ppm SO at 400°C for NO traps with differ- 

2 x 

ent levels of a cerium-containing mixed oxide; 
[0016] Figure 4 is a plot of NO storage and release performance 

X 

at 350°C for stabilized traps with and without cerium; 
[0017] Figure 5 is a pictorial representation demonstrating the 



release of NO from a NO trap at high temperatures by 

the exotherm produced by the reaction of the reductants 

with oxidized ceria immediately following the lean-to-rich 

transition during a rich purge; and 

[0018] Figure 6 is a plot of the percent of NO x release at different 

temperatures for stabilized traps with different levels of 

mixed oxide. 
Detailed Description 

[0019] Reference will now be made in detail to presently pre- 
ferred compositions or embodiments and methods of the 
invention, which constitute the best modes of practicing 
the invention presently known to the inventors. 

[0020] | n on e embodiment of the present invention, a catalyst for 
use in a NO trap is provided. The catalyst of this embodi- 

X 

ment includes a precious metal, an oxygen storage com- 
ponent in contact with the precious metal, and a NO 

X 

storage material. The oxygen storage component in con- 
tact with the precious metal is present in an amount that 
provides sufficient oxygen storage capacity at 500°C to 
limit the NO release from the NO trap during the rich 

X X - -> 

purges to less than 20% of the NO that is stored in the 

X 

NO x trap across the operating temperature window of the 
trap and yet increases the NO conversion efficiency under 



stoichiometric conditions to a value greater than 70%. The 
operating temperature window is the temperature range 
over which the trap stores NO . Typically this range is 
from about 200°C to about 550°C. More preferably, this 
range is from about 250°C to about 500°C. Moreover, the 
oxygen storage component is present in an amount that 
provides sufficient oxygen storage capacity to increase 
the sulfur tolerance of the NO trap. In particular, the in- 

X 

crease sulfur tolerance is increased such that the drop in 
the average NO^ storage efficiency for one minute of lean 
operation is less than 30% when the NO trap is contacted 

X 

with a gaseous composition containing about 9 ppm sul- 
fur dioxide at 400°C for 10 hours. 
[0021] The oxygen storage component may be made from a 
number of different materials known to those skilled in 
the art of catalytic converters. An important feature of the 
oxygen storage component is that its ability to store oxy- 
gen is modulated by being in contact with the precious 
metal. Specifically, the oxygen storage capacity at tem- 
peratures below 700°C is increased significantly by being 
in contact with precious metal. Preferably, the oxygen 
storage component comprises one or more oxides se- 
lected from the group consisting of Rare Earth metal ox- 



ides, Group III metal oxides, Group IV metal oxides, and 
Group V metal oxides. Accordingly, the oxygen storage 
component may be either a pure metal oxide or a mixed 
oxide (binary oxide, ternary oxides, etc.) Ceria and mixed 
oxides containing ceria are most preferred. Preferred pre- 
cious metals to be used in the catalyst of the invention in- 
clude platinum, palladium, rhodium, ruthenium, or mix- 
tures thereof. More preferably, the precious metal in- 
cludes platinum, palladium, rhodium, and mixtures 
thereof. Finally, the NO^ storage material preferably com- 
prises a component selected from the group consisting of 
an alkaline earth metal, an alkali metal, and mixtures 
thereof. 

[0022] jhe catalyst of the present embodiment may be made by 
a number of processes known to those skilled in the art. 
For example, the catalyst may be applied to a support 
material such as cordierite by a washcoat and then cal- 
cined at high temperature. Preferably, such a washcoat 
will include 10 wt % to about 25 wt % of the oxygen stor- 
age component and sufficient precious metal to form a 
catalyst having from about 5 to about 150 grams of pre- 
cious metal per cubic foot of catalyst formed. Specifically, 
the catalysts of the present invention are made by adding 



alumina to water along with the proper amount of a mixed 
oxide(s) that produces the desired concentration of mixed 
oxide in the final catalyst. These materials are mixed to 
form a slurry. The slurry is milled with nitric acid and 
some additional water and then coated onto a brick (e.g., 
a cordierite substrate) which is then calcined in air at 
450°C. The calcined brick is impregnated with a solution 
of the salts of the desired precious metals and the NO 

X 

adsorber materials. The brick is calcined again in air at 
450°C to fix the precious metals and NO adsorber mate- 

X 

rials to the washcoat. 
[0023] it should be appreciated that it is not the amount of oxy- 
gen storage component per se which leads to the advan- 
tages of the present invention in reducing the NO^ release 
during the rich purges, increasing the NO conversion ef- 
ficiency under stoichiometric conditions, and increasing 
the sulfur tolerance. Instead, it is the oxygen storage ca- 
pacity that is the focus of this invention (i.e., the amount 
of oxygen that the catalyst is able to store expressed as 
micromoles of oxygen per gram of catalyst). When such 
oxygen storage components are not in contact with the 
precious metal, the oxygen storage capacity of the oxygen 
storage component is low at temperatures below 700°C. 



As the oxygen storage component comes in closer spatial 
contact with the oxygen storage component, the amount 
of oxygen that the oxygen storage component and the 
catalyst are able to store at temperatures below 700°C in- 
creases. 

[0024] The selection of the proper amount of oxygen storage ca- 
pacity of the catalyst of the present invention is deter- 
mined by consideration of a number of factors. Oxygen 
storage capacity improves the sulfur tolerance of the NO 
trap. Presumably, sulfur tolerance is improved by the ad- 
sorption of some of the sulfur onto the oxygen storage 
materials, which prevents that portion of the sulfur from 
poisoning the NO x storage sites. Figure 3 shows the sulfur 
poisoning results for NO^ traps containing various 
amounts of a cerium-containing mixed oxide. The figure 
shows the drop in average NO^ storage efficiency for one 
minute of lean operation between 0 hours and 9 hours for 
traps that were poisoned five times each at 400°C with 9 
ppm S0 2 - After each poisoning run, the traps were desul- 
fated at high temperatures to remove the sulfur and re- 
generate the trap. Figure 3 shows that the drop in storage 
efficiency over the 9 hours of poisoning decreased as the 
content of mixed oxide was increased from 0% to 37%; no 



further improvement was observed with higher contents 
of mixed oxide. The trap with no mixed oxide had an av- 
erage drop in NO storage efficiency of about 40%, while 
the trap with 37% mixed oxide had an average drop in NO 

) 

storage efficiency of about 16%. These results indicate 
that the presence of cerium in the NO trap improves the 

X 

sulfur tolerance of the trap. Moreover, the ceria improves 
the desulfation characteristics of the trap by promoting 
the water-gas-shift ("WGS") reaction. The WGS reaction 
produces additional hydrogen, which has been shown to 
be the best agent for desulfating the poisoned trap. The 
presence of the oxygen storage component (e.g. ceria) 
can also improve the NO^ storage capability at low tem- 
peratures, as cerium is able to provide some NO^ storage 
capacity at low temperatures (e.g., 300°C). Finally, the 
oxygen storage component can also be beneficial for the 
thermal durability of the trap. For example, ceria is known 
to stabilize the dispersion of the precious metals. 
[0025] However, the presence of too high an oxygen storage ca- 
pacity can lead to a number of undesirable effects. For 
example, as with the I ightoff catalysts, ceria in the trap 
requires additional reductants (i.e., HC, CO, H 2 ) to purge 
the NO trap during the purges, increasing the fuel 



penalty associated with the purges. Additionally, oxygen 
storage capacity can cause some of the stored NO x to be 
released from the trap during the purges without being 
reduced to N . This purge NO release is particularly evi- 

2 x 

dent at temperatures of 350°C and above. Accordingly, it 
has been discovered that the purge NO x release can be 
reduced while maintaining good NO^ conversion during 
stoichiometric operation and good sulfur tolerance when 
the precious metal and the oxygen storage component are 
in a sufficient amount and in sufficient contact that the 
oxygen storage capacity of the NO^ trap is from about 30 
micromoles of oxygen per gram of catalyst to about 90 
micromoles of oxygen per gram of catalyst at 500°C. More 
preferably, the oxygen storage capacity of the NO^ trap at 
500°C is from about 40 micromoles of oxygen per gram of 
catalyst to about 80 micromoles of oxygen per gram of 
catalyst; and most preferably, the oxygen storage capacity 
of the NO trap at 500°C is about 60 micromoles of oxy- 

X 

gen per gram of catalyst. 
[0026] | n a variation of the present embodiment, the proper 

amount of the oxygen storage component in contact with 
the precious metal is attained by limiting the physical 
contact between the precious metal catalyst and the oxy- 



gen storage component. This may be achieved by layering 
of the catalyst of the invention is such a manner that most 
of the precious metal is in a first layer and most of the 
oxygen storage component is in a second layer. The cata- 
lyst of this variation may have the precious metal in a first 
layer disposed over a substrate and the oxygen storage 
component is contained in a second layer disposed over 
the first layer. Accordingly, the contact between the pre- 
cious metal and the oxygen storage component is limited 
to an interface between the first layer and the second 
layer. 

[0027] | n another variation, the contact between the precious 
metal and the oxygen storage component is limited by 
combining the precious metal and the oxygen storage 
component in a single layer. In this variation the benefits 
of the present invention are achieved by having an 
amount of oxygen storage component that reduces the 
NO release during the rich purges, increases the NO 

X X 

conversion efficiency under stoichiometric conditions, and 
increases the sulfur tolerance as set forth above. The sin- 
gle layer of this embodiment will preferably also include 
the NO storage material. 

X 

[0028] | n yet another variation of this embodiment, the oxygen 



storage capacity of the NO trap is limited by altering the 

X 

physical form of the oxygen storage component so that 
the oxygen storage component has less oxygen storage 
capacity in general. This variation is particularly useful 
when the oxygen storage component is a mixed oxide as 
set forth above. Such an alteration of the oxygen storage 
component may be realized by utilizing a pre-sintered 
oxide of the oxides set forth above, where the mixed ox- 
ide has been heated to temperatures greater than 500°C 
to reduce its surface area and therefore its oxygen storage 
capacity. Those skilled in the art will also recognize other 
ways of limiting the OSC (i.e., reducing surface area) that 
include for example chemical methods such as acid treat- 
ment. The preferred pre-sintered oxide is a pre-sintered 
ceria. 

[0029] | n another variation of the present invention, a catalyst for 
use in a NO^ trap is provided. The catalyst of this embodi- 
ment includes a precious metal, an oxygen storage com- 
ponent in contact with the precious metal in an amount 
such that oxygen storage capacity of the NO x trap at 
500°C is from about 30 micromoles of oxygen per gram of 
catalyst to about 90 micromoles of oxygen per gram of 
catalyst, and a NO storage material. More preferably, the 



oxygen storage capacity of the NO trap at 500°C is from 
about 40 micromoles of oxygen per gram of catalyst to 
about 80 micromoles of oxygen per gram of catalyst; and 
most preferably, the oxygen storage capacity of the NO 

X 

trap at 500°C is about 60 micromoles of oxygen per gram 
of catalyst. The selection and the amounts of the precious 
metal, the oxygen storage component, and the NO stor- 
age material is the same as set forth above. Moreover, the 
amount of oxygen storage is limited in the same manner 
as set forth above. Specifically, the desired oxygen stor- 
age capacity is attained by limiting the contact between 
the precious metal catalyst and the oxygen storage com- 
ponent. Again, this is achieved by having the precious 
metal (all or most of) contained in a first layer disposed 
over a substrate and the oxygen storage component is 
contained in a second layer disposed over the first layer 
(all or most of). Similarly, the contact between the pre- 
cious metal and the oxygen storage component is limited 
to an interface between the first layer and the second 
layer. Alternatively, the precious metal and the oxygen 
storage component are combined in a single layer as set 
forth above. Finally, the oxygen storage component in 
contact with the precious metal may also be limited by re- 



ducing the oxygen storage capacity of the oxygen storage 
component utilizing pre-sintered material (i.e., pre- 
sintered mixed oxides). 
[0030] | n a particularly preferred embodiment of the present in- 
vention, a catalyst for use in a NO trap is provided. The 

X 

catalyst of this embodiment comprises a precious metal, 
ceria, and a NO x storage material. The ceria must be in 
contact with the precious metal in an amount that pro- 
vides sufficient oxygen storage capacity to reduce the 
Purge NO release from the NO trap during the rich 

X X 

purges to less than 20% of the NO^ that is stored in the 
NO x trap across the operating temperature window of the 
NOx trap, increase the NO conversion efficiency under 

X 

stoichiometric conditions to a value greater than 70%, and 
increase the sulfur tolerance such that the drop in the av- 
erage NO storage efficiency for one minute of lean oper- 
ation is less than 30% when the NO trap is contacted with 

X 

a gaseous composition containing about 9 ppm sulfur 
dioxide at 400°C for 10 hours. The selection and amounts 
of the precious metal and the NO^ storage material are 
the same as set forth above. Moreover, the various mech- 
anisms and variations for limiting the ceria in contact with 
the precious metal are also the same as above. In particu- 



lar, the amount of ceria in contact with the precious metal 
will be such that the oxygen storage capacity of the cata- 
lyst is from about 30 micromoles of oxygen per gram of 
catalyst to about 90 micromoles of oxygen per gram of 
catalyst at 500°C. More preferably, the amount of ceria in 
contact with the precious metal will be such that the oxy- 
gen storage capacity of the catalyst is from about 40 mi- 
cromoles of oxygen per gram of catalyst to about 80 mi- 
cromoles of oxygen per gram of catalyst at 500°C; and 
most preferably, the amount of ceria in contact with the 
precious metal will be such that the oxygen storage ca- 
pacity of the NO trap is about 60 micromoles of oxygen 
per gram of catalyst at 500°C. 

[0031] The following examples illustrate the various embodi- 
ments of the present invention. Those skilled in the art 
will recognize many variations that are within the spirit of 
the present invention and scope of the claims. 

[0032] Figure 1 shows the NO storage efficiency averaged over 
1, 2, 3, 4, and 5 minutes of lean operation for a thermally 
aged lean NO x trap when evaluated on a five minute lean/ 
3 minute rich test cycle. The peak NO x storage perfor- 
mance occurs around 400°C to 450°C and drops off at 
lower and higher temperatures. Figure 2 shows that a NO 



trap containing cerium has much better NO conversion at 

X 

stoichiometry (lambda = 1.0, where lambda is the ratio of 
the actual A/F ratio and the A/F ratio at stoichiometry) 
than a trap without cerium after the traps were aged on a 
high temperature schedule with maximum temperatures 
near 1000°C. The figure also indicates the oxygen storage 
capacities measured at 500°C for samples of these cata- 
lysts that were stabilized at 600°C. Here the sample was 
reduced for 30 seconds in 1% CO and then oxidized for 30 
seconds in 0.5% 02. The OSC was determined from the 
amount of oxygen taken up during the 30 second lean 
period and then normalized by the weight of the sample. 
[0033] with reference to Figure 3 a bar chart showing the drop in 
the average NO^ storage efficiency for one minute of lean 
operation after 9 hours with 9 ppm SO at 400°C for NO 

2 x 

traps with different levels of a cerium-containing mixed 
oxide is provided. Prior to exposure to S0 2 , the traps were 
exposed to 2 hours of high temperature aging in order to 
stabilize their performance. The poisoning test consisted 
of a one minute lean/one minute rich cycle, and the NO 

X 

storage efficiencies were averaged over the one minute of 
lean operation. The figure shows the drop in average NO 

X 

storage efficiency between 0 hours and 9 hours for traps 



that were poisoned five times each at 400°C with 9 ppm 
S0 2 - After each poisoning run, the traps were desulfated 
at high temperatures to remove the sulfur and regenerate 
the trap. Figure 3 shows that the drop in storage effi- 
ciency over the 9 hours of poisoning decreased as the 
content of mixed oxide was increased from 0% to 37%; no 
further improvement was observed with higher contents 
of mixed oxide. The trap with no mixed oxide had an av- 
erage drop in NO storage efficiency of about 40%, while 
the trap with 37% mixed oxide had an average drop in 
NOx storage efficiency of about 16%. These results indi- 
cate that the presence of cerium in the NO trap improves 

X 

the sulfur tolerance of the trap. Figure 3 also shows the 
oxygen storage capacities measured at 500°C for samples 
of these catalysts that were stabilized at 600°C. 
[0034] with reference to Figure 4, plots of NO^ storage and re- 
lease performance at 350°C for stabilized traps with and 
without cerium are provided. These traps were evaluated 
at 350°C using a 5 minute lean/3 minute rich cycle. While 
the trap without OSC was less effective at storing NO x 
during the 5 minute lean period, it exhibited much less 
NO release during the purge than the trap containing 

X 

OSC. The No release may better be understood by refer- 



ence to Figure 5 which is a pictorial representation 
demonstrating the release of NO from a NO trap at high 
temperatures by the exotherm produced by the reaction 
of the reductants with oxidized ceria immediately follow- 
ing the lean-to-rich transition during the rich purge. This 
heats up the local area of the washcoat around the cerium 
site, including any NO^ storage sites nearby. When the 
temperature before the purge is near or above the tem- 
perature for maximum NO storage capacity (i.e., in the 

X 

range of decreasing NO capacity) and the amount of NO 

X X 

stored is near the capacity of the trap at that temperature, 
then the exotherm between the reductants and oxygen 
from the cerium causes some of the NO to be released 

X 

from the nearby NO^ storage sites in order to bring the 
amount of NO stored back to the maximum amount that 

X 

can be stored at the higher surface temperature. Since the 
reductants have been converted by the oxygen from the 
cerium, the NO is not reduced but is emitted from the 

X 

trap into the exhaust and out the tailpipe. Another possi- 
bility is that the oxygen released from the ceria competes 
with the released NO for the reductants. As a result of 

X 

this competition, some of the NO is not reduced but is 

X 

emitted from the tailpipe. 



[0035] with reference to Figure 6, plots of the percent NO re- 
lease at different temperatures for stabilized traps with 
different levels of mixed oxide are provided. NO traps 

X 

containing different amounts of ceria were evaluated in a 
flow reactor for NO x storage and release at 300°C, 400°C, 
and 500°C. Prior to testing, these traps were stabilized for 
10 minutes at 600°C in slightly rich exhaust. One test cy- 
cle consisted of a five minute lean period alternated with a 
three minute rich period. A second test cycle consisted of 
a five minute lean period alternated with a one minute rich 
period. For both test cycles, the amount of NO stored 

X 

during the lean period and the amount of NO x released 
during the rich period were determined, and the NO x re- 
lease was then calculated as a percentage of the amount 

of NO stored. The concentration of reductants during the 

x 3 

rich purges was 1.2% CO and 0.4% corresponding to 
an A/F ratio of approximately 14.1 to 1. For samples of 
these NO x traps stabilized at 600°C, the oxygen storage 
capacities were evaluated at 250°C, 350°C, 425°C, 500°C, 
and 600°C. Since the NO^ storage and release data were 
collected at 300°C, 400°C, and 500°C, the oxygen storage 
capacities at 300°C and 400°C were estimated by interpo- 
lation of the oxygen storage data collected at 250°C, 



350°C, and 425°C. For both test cycles, the percentage of 
NO released/NO stored is plotted as a function of the 

X X 

normalized oxygen storage capacity of the trap in Figure 
6. At each temperature, the percentage of NO release in- 
creased as the amount of OSC increased. Moreover, the 
slopes of the lines increased as the temperature in- 
creased. The percentage of NO release was fairly low at 
300°C, slightly higher at 400°C, and much higher at 500°C. 
NOx release was lowest when the OSC was lowest. 
[0036] | n summary, the experiments set forth above demonstrate 
that the methods of the present invention advantageously 
provide a number of benefits while minimizing the NO x 
release at 300°C, 400°C, and 500°C. Specifically, the opti- 
mal value of the OSC of the trap is observed to be about 
60 micromoles of oxygen per gram of catalyst at 500°C. It 
will be appreciated that the OSC of the catalyst decreases 
as the temperature decreases. Accordingly, by limiting the 
OSC of the trap to 60 micromoles/gram at 500°C, the OSC 
will be equal to or less than 60 micromoles/gram across 
the lean operating window of the NO x trap (i.e., 
250-500°C.) As shown in Figure 2, a NO x trap with this 
approximate level of fresh OSC had much higher stoichio- 
metric NO conversion than a non-cerium NO trap after 

X X 



the catalysts were aged on a high temperature aging 
schedule. Finally, as shown in Figure 3, this approximate 
level of fresh OSC provided greatly improved sulfur toler- 
ance relative to that of a non-cerium NO trap. 

X 

[0037] while the best mode for carrying out the invention has 
been described in detail, those familiar with the art to 
which this invention relates will recognize various alterna- 
tive designs and embodiments for practicing the invention 
as defined by the following claims. 



